Internal and surface structures of asci and ascospores were studied by transmission electron microscopy (TEM) and by scanning electron microscopy (SEM) to establish the character and number of ascospores within the ascus of Metschnikowia krissii. Enzyme digestion with snail gut enzymes and incubated at 20 C for 2 weeks. M. bicuspidata var. chathamia (UCD 67-2) was the type strain (CBS 6011) isolated from a fresh-water pond on Chatham Island, New Zealand. The culture was incubated on diluted V-8 juice-agar medium (1:20, vol/vol) for 10 days at 12 C to obtain ascospores. Light microscopy examinations of these cultures were made to ascertain at what point the yeast cells were at maximum sporulation.
Internal and surface structures of asci and ascospores were studied by transmission electron microscopy (TEM) and by scanning electron microscopy (SEM) to establish the character and number of ascospores within the ascus of Metschnikowia krissii. Enzyme digestion with snail gut enzymes Several species and varieties of Metschnikowia are presently recognized (6, 8) . These species are differentiated on the basis of physiology and manner of sexual reproduction, including shape and number of ascospores per ascus. Treatment of the ascus with enzymes obtained from snail gut demonstrated the presence of two closely appressed spores in M. bicuspidata var. chathamia when it was examined by light microscopy (8) . When the same enzyme treatment was used on sporulating suspensions derived from M. krissii, some observations suggested that this species might also produce two spores per ascus. Additional evidence, by means of electron microscopy, shall be necessary to clarify these observations.
MATERIALS AND METHODS The culture of M. krissii used in this study (UCD, FS&T 61-31) was the type strain (CBS 4823) isolated from sea water in La Jolla, Calif. The culture was transferred to a slant of V-8 juice-agar medium (6) For scanning electron microscopy, surface growth of a sporulating culture was scraped from the agar slant and suspended in 50 mM phosphate buffer (pH 7.0) containing 1-to 2-mM mercaptoethanol. After 20 min the cells were washed twice with 20-mM phosphate buffer (pH 7.0), which was used in all subsequent washes. The cells were suspended in 0.5 ml of buffer to which was added 0.25 ml of a 1:10 dilution of a preparation from the digestive tract of the garden snail Helix pomatia. The suspension was incubated for 2 h (or until enough ascospores were released) at 37 C, at which time 0.05 ml of ribonuclease (Calbiochem, Los Angeles, Calif; 2 mg/ml) was added. Incubation was continued for 2 more h at 37 C, and then 0.05 ml of Pronase (Calbiochem; 2 mg/ml) was added. After 1 h, again at 37 C, the sample was washed three times in buffer. Subsequent specimen fixation, dehydration, and preparation for scanning electron microscopy (SEM) examination was by the methods of Talens et al. (9) .
Specimen preparation for transmission electron microscopy (TEM) also were by the methods of Talens et al. (9) . RESULTS Digested asci of M. bicuspidata var. chathamia showed two, frequently closely appressed, but distinguishable, ascospores (Fig. 1 ). SEM examination of digested asci of M. krissii suggested the presence of two spores as indicated by a bifurcate shape frequently observed at the terminus of the ascospore (Fig.  2a) . However, the spore(s) was virtually enclosed in a relatively thick sheath of epiplasmic material that easily could conceal two closely adjacent spores (Fig. 2c) .
Comparison of digested spore preparations indicated a considerable breakdown of epiplasmic materials surrounding the ascospores in M. bicuspidata var. chathamia, whereas in M. krissii the sheath was apparently resistant to the treatments. Various aspects of the digested asci and ascospores of M. krissii are shown in Fig. 3 . Rupture of the ascus wall and subsequent release of the ascospore in M. krissii did not appear to be as extensive as in M. bicuspidata var. chathamia.
TEM observations of ultrathin cross sections of over 30 asci from several different specimen preparations showed that the ascus of M. krissii contained only one ascospore. The morphological appearance of the spore varied, depending upon the angle and location of the section in reference to the ascus (Fig. 4 and 5) . A perpendicular section of the narrow, pedunculate portion of the ascus and an oblique section obtained in the elliptical end of another ascus are shown in Fig. 4 and 5, respectively. The thick, epiplasmic sheath containing vestigial organelles was conspicuous; cytoplasmic details were lacking within the heavy-walled ascospore.
In undigested preparations the ascus wall was very thick (90 nm), completely intact, apparently two-layered, and virtually indistinguishable from the wall of a vegetative cell (Fig. 4, 5,  and 6 ). The indistinct appearance of the ascospore as viewed by light microscopy may be attributed to the epiplasmic sheath. The spore wall was thick and electron dense, but it did not appear to have a two-layered composition similar to that reported by Kreger-van Rij (5; Ph.D. dissertation, Univ. of Leiden, Netherlands) for ascospores of other yeasts. Certain areas of the spores tend to pick up more stain than others, but little detail of the internal structures of the spore is discernible in the micrographs. The section through the enlarged portion of the ascus indicates that the interior of the ascospore was virtually devoid of cytoplasm (Fig. 5) , whereas in the peduncle region the interior of the spore was filled with cytoplasmic material (Fig. 4) . Figure 6 shows a rarely observed, longitudinal section through the ascus and ascospore. The major portion of the enlarged end of the ascus appears to be less electron dense than does the area surrounding the ascospore, which can be attributed to the epiplasmic sheath. The spore is somewhat curved and the visible terminus appears to be blunt. The obscured terminus appears to taper gradually which would result in a single-pointed terminus as is observed by light microscopy.
DISCUSSION
Little attention was given to the submicroscopic structure of yeast until Kawakami (2) and Kawakami and Nehira (3, 4) published electron micrographs of the various ascospores of yeast with some reference to their possible taxonomic usefulness. Although it has been known for many years that spores of yeast exhibit considerable variation in shape, surface as well as internal structures could reveal details which could lead to further characterization and conceivably to speciation, and such structural details would be valuable in studies of yeast species with similar ascospore shapes as observed by light microscopy.
The investigations by Kreger-van Rij (5; Ph.D. dissertation, Univ. of Leiden, Netherlands) have been a significant step in the direction of the possible use of spore ultrastructure in yeast taxonomy. Particular attention has been given to the spore wall, which shows considerable variation as compared with the internal structures, which have disclosed too little detail to be useful.
The ascospore wall of M. krissii that was examined by TEM did exhibit varying electron density. Whether this represents the presence of more than one wall layer, as reported for many yeast spores by Kreger-van Rij, or whether the preparatory treatments are responsible for the differential electron stain uptake is not certain. No distinguishing surface details can be recognized because the spore wall is smooth, presumably through its entire length.
Demonstration of the internal details of the ascospore has been unsuccessful. Due to the length and narrow diameter of the ascospore, the ideal section of the spore through its entire length is virtually impossible to obtain. The ascospore of M. krissii is conspicuously needle-like in shape, with one terminus distinctly pointed. Ascospores of M. bicuspidata var. chathamia, on the other hand, are clearly pointed at both ends.
This investigation has revealed conclusively that the bifurcated terminus as seen by light and SEM microscopy was not due to two closely appressed ascospores, but rather to a single spore enclosed in a substantial epiplasmic sheath. The distinct longitudinal line of weakness and figure 8-shaped cross section observed by Pitt and Miller (8) in heavily squashed preparations also can be explained by the presence of the surrounding sheath.
